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Abstract 
 
Evaluation of the performance of a product and its components under impact loading 
is one of the key considerations in design. In order to assess resistance to damage or ability to 
absorb energy through plastic deformation of a structural component, impact testing is often 
carried out to obtain the 'Force - Displacement' response of the deformed component. In this 
context, it may be noted that load cells and accelerometers are commonly used as sensors for 
capturing impact responses. A drop-weight impact testing set-up consisting of a moving 
impactor head with a lightweight piezoresistive accelerometer and a strain gage based 
compression load cell mounted on it is used to carry out the impact tests. The basic objective 
of the present study is to assess the accuracy of responses recorded by the said transducers, 
when these are mounted on a moving impactor head.  
In the present work, a novel approach of theoretically evaluating the responses 
obtained from this drop-weight impact testing set-up for different axially loaded specimen 
has been executed with the formulation of an equivalent lumped parameter model (LPM) of 
the test set-up. For the most common configuration of a moving impactor head mounted load 
cell system in which dynamic load is transferred from the impactor head to the load cell, a 
quantitative assessment is made of the possible discrepancy that can result in load cell 
response. Initially, a 3-DOF (degrees-of-freedom) LPM is considered to represent a given 
impact testing set-up with the test specimen represented with a nonlinear spring. Both the 
load cell and the accelerometer are represented with linear springs, while the impacting unit 
comprising an impactor head (hammer) and a main body with the load cell in between are 
modelled as rigid masses. An experimentally obtained force-displacement response is 
assumed to be a nearly true behaviour of a specimen. By specifying an impact velocity to the 
rigid masses as an initial condition, numerical solution of the governing differential equations 
is obtained using  Implicit (Newmark-beta) and Explicit (Central difference) time integration 
techniques. It can be seen that the model accurately reproduces the input load-displacement 
behaviour of the nonlinear spring corresponding to the tested component, ensuring the 
accuracy of these numerical methods.  
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The nonlinear spring representing the test specimen is approximated in a piecewise 
linear manner and the solution strategy adopted and implemented in the form of a MATLAB 
script is shown to yield excellent reproduction of the assumed load-displacement behaviour 
of the test specimen. This prediction also establishes the accuracy of the numerical approach 
employed in solving the LPM system. However, the spring representing the load cell yields a 
response that qualitatively matches the assumed input load-displacement response of the test 
specimen with a lower magnitude of peak load. The accelerometer, it appears, may be 
capable of predicting more closely the load experienced by a specimen provided an 
appropriate mass of the impactor system i.e. impacting unit, is chosen as the multiplier for the 
acceleration response. Error between input and computed (simulated) responses is quantified 
in terms of root mean square error (RMSE). The present study additionally throws light on 
the dependence of time step of integration on numerical results. For obtaining consistent 
results, estimation of critical time step (increment) is crucial in conditionally stable central 
difference method. The effect of the parameters of the impact testing set-up on the accuracy 
of the predicted responses has been studied for different combinations of main impactor mass 
and load cell stiffness.   
It has been found that the load cell response is oscillatory in nature which points out 
to the need for suitable filtering for obtaining the necessary smooth variation of axial impact 
load with respect to time as well as deformation. Accelerometer response also shows 
undulations which can similarly be observed in the experimental results as well. An 
appropriate standard SAE-J211 filter which is a low-pass Butterworth filter has been used to 
remove oscillations from the computed responses.  A load cell is quite capable of predicting 
the nature of transient response of an impacted specimen when it is part of the impacting unit, 
but it may substantially under-predict the magnitudes of peak loads.    
All the above mentioned analysis for a 3 DOF model have been performed for thin-
walled tubular specimens made of mild steel (hat-section), an aluminium alloy (square cross-
section) and a glass fibre-reinforced composite (circular cross-section), thus confirming the 
generality of the inferences drawn on the computed responses. Further, results obtained using 
explicit and implicit methodologies are compared for three specimens, to find the effect, if 
any, on numerical solution procedure on the conclusions drawn. The present study has been 
further used for investigating the effects of input parameters (i.e. stiffness and mass of the 
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system components, and impact velocity) on the computed results of transducers. Such an 
investigation can be beneficial in designing an impact testing set-up as well as transducers for 
recording impact responses. Next, the previous 3 DOF model representing the impact testing 
set-up has been extended to a 5 DOF model to show that additional refinement of the original 
3 DOF model does not substantially alter the inferences drawn based on it. In the end, 
oscillations observed in computed load cell responses are analysed by computing natural 
frequencies for the 3 DOF lumped parameter model. To conclude the present study, a 2 DOF 
LPM of the given impact testing set-up with no load cell has been investigated and the 
frequency of oscillations in the accelerometer response is seen to increase corresponding to 
the mounting resonance frequency of the accelerometer. 
In order to explore the merits of alternative impact testing set-ups, LPMs have been 
formulated to idealize test configurations in which the load cell is arranged to come into 
direct contact with the specimen under impact, although the accelerometer is still mounted on 
the moving impactor head. One such arrangement is to have the load cell mounted stationary 
on the base under the specimen and another is to mount the load cell on the moving impactor 
head such that the load cell directly impacts the specimen. It is once again observed that both 
these models accurately reproduce the input load-displacement behaviour of the nonlinear 
spring corresponding to the tested component confirming the validity of the model. In 
contrast to the previous set-up which included a moving load cell not coming into contact 
with the specimen, the spring representing the load cell in these present cases yields a 
response that more closely matches the assumed input load-displacement response of a test 
specimen suggesting that the load cell coming into direct contact with the specimen can result 
in a more reliable measurement of the actual dynamic response. However, in practice, direct 
contact of the load cell with the specimen under impact loading is likely to damage the 
transducer, and hence needs to be mounted on the moving head, resulting in a loss of 
accuracy, which can be theoretically estimated and corrected by the methodology 
investigated in this work. 
 
